Aims/hypothesis Some previous studies suggested that metformin might attenuate the effects of exercise on glycaemia or fitness. We therefore examined whether metformin use influenced changes in glycaemic control, fitness, body weight or waist circumference resulting from aerobic and/or resistance training in people with type 2 diabetes participating in an exercise intervention trial. Methods After a 4 week run-in period, participants from the Diabetes Aerobic and Resistance Exercise (DARE) trial were randomly assigned to 22 weeks of aerobic training alone, resistance training alone, combined aerobic and resistance exercise training or a waiting-list control group. Of the 251 randomised, 143 participants reported using metformin throughout the entire study period and 82 reported not using metformin at all. Results Compared with control, aerobic training led to a significant reduction in HbA 1c in the metformin users (−0.57%, 95% CI −1.05, −0.10; −6.3 mmol/mol, 95% CI −11.5, −1.1) but not in the non-metformin users (−0.17, 95% CI −0.78, 0.43; −1.9 mmol/mol, 95% CI −8.5, 4.7). However, there were no significant differences in the changes in HbA 1c (or fasting glucose) between metformin users and non-users in any of the exercise groups compared with control (p>0.32 for all metformin by group by time interactions). Similarly, metformin did not affect changes in indicators of aerobic fitness, strength and body weight or waist circumference (p ≥0.15 for all metformin by group by time interactions). Conclusions/interpretation Contrary to our hypothesis and to previous short-term studies, metformin did not significantly attenuate the benefits of exercise on glycaemic control or fitness.
Introduction
Exercise and metformin are among the most widely prescribed first-line therapies in type 2 diabetes. Recently, some studies suggested that the glucose-lowering or insulinsensitising effects of exercise may be affected by metformin [1] [2] [3] . These studies did not examine whether participants already taking metformin would also have attenuated improvements in glycaemic control following exercise training, as reflected in longer-term indicators of glycaemic control such as HbA 1c .
Metformin may also alter the effect of exercise training on fitness related outcomes. For example, peak oxygen consumption (V ⋅ O 2peak ) was reduced following 7-9 days of treatment
The primary objective of this study was to examine the association between metformin and improvements in HbA 1c following aerobic and/or resistance exercise training in people with type 2 diabetes. It was hypothesised that exercise training would result in smaller reductions in HbA 1c in those taking metformin.
Methods
Participants Previously inactive patients with type 2 diabetes, 39-70 years of age, were recruited. Exclusion criteria included HbA 1c <6.6% or >9.9% (<49 mmol/mol or >85 mmol/mol) and current insulin therapy. Greater details for the methods as well as the primary results of the Diabetes Aerobic and Resistance Exercise (DARE) trial have been published [6] .
Design After a 4 week run-in period, participants were randomised to four groups: aerobic training (Aerobic), resistance training (Resistance), combined aerobic and resistance training (Combined) or waiting-list control (Control). Randomisation was stratified by sex and age. The study was approved by the Ottawa Hospital Research Ethics Board and participants gave informed consent (ClinicalTrials.gov registration no. NCT00195884).
Run-in period and exercise interventions Before randomisation, participants entered a 4 week run-in period to assess compliance. Participants were supervised and performed 15-20 min of aerobic exercise and one or two sets of eight resistance exercises. Participants attending ≥10 of the 12 run-in sessions were eligible for randomisation.
Exercise supervision was provided weekly for the first 4 weeks after randomisation, bi-weekly for the next 4 weeks and then every 4 weeks thereafter. Participants exercised three times a week. Aerobic training progressed to 45 min per session at 75% of maximum heart rate. Resistance training involved seven exercises on weight machines each session, progressing to two or three sets at the maximum weight that could be lifted seven to nine times. The Combined group did the full aerobic programme plus the full resistance programme. Control participants were asked to revert to prestudy activity levels. They maintained the same dietary intervention and time with the research coordinator/dietician as their exercise group counterparts. They received free 6 month gym memberships after the end of the intervention. In all groups, efforts were made to minimise dietary and medication co-intervention [6] .
Assessment of medication use Medication use was assessed at baseline, 3 months and 6 months. Participants were considered to be treated with metformin if they reported taking metformin at all three time points. They were considered not to be treated with metformin if they reported no metformin use at any visit.
Outcome measures The primary outcome was absolute change in HbA 1c between baseline and the end of the 6 month supervised exercise period. HbA 1c was measured by turbidimetric immunoinhibition. Secondary outcomes included fasting glucose, aerobic fitness, strength, anthropometrics and exercise adherence.
Plasma glucose was measured after a 12 h fast, at least 48 h after the last exercise session. V ⋅ O 2peak was determined during a maximal treadmill exercise stress test and strength testing involved determining the maximum weight that could be lifted eight times [6, 7] . Exercise adherence was calculated from electronic membership card use.
Statistical analysis Baseline characteristics of metformin users and non-users were compared with χ 2 statistics for categorical variables and Student's t tests for continuous variables. For the primary analysis, we used a linear mixedeffects model for repeated measures over time with HbA 1c as the dependent variable. Contrast estimates from the mixed model were calculated for metformin by group by time interaction (Control vs Aerobic, Control vs Resistance, Control vs Combined), with age, sex, BMI and exercise facility as covariates.
Results
Of the 258 volunteers who were eligible for the study and entered the 4 week run-in phase, 251 (97.3%) met the criteria for random assignment. Of these, there were 3, 12, 7 and 8 dropouts from the Control, Aerobic, Resistance and Combined groups, respectively, during the intervention period. One hundred and forty-three participants reported taking metformin throughout the entire study and 82 reported not taking metformin; see reference [6] for the complete trial flow diagram. The remaining 26 participants were not included in the analyses due to changes in their metformin use during the study period. The mean metformin dose was unchanged from baseline to the end of the interventions (1,603±600 vs 1,654±616 mg/day). Characteristics of the participants are summarised in Table 1 .
As previously reported [6] , there was a significant overall reduction in HbA 1c in all exercise groups. Compared with Control, in the Aerobic group there was a significant reduction in HbA 1c in the metformin users (−0.57%, 95% CI −1.05, −0.10; −6.3 mmol/mol, 95% CI −11.5, −1.1) but not in the non-metformin users (−0.17, 95% CI −0.78, 0.43; −1.9 mmol/mol, 95% CI −8.5, 4.7). Compared with Control, the exercise programme in the Combined group led to significant reductions in HbA 1c in both the metformin users (−1.05%, 95% CI −1.52, −0.59; −11.5 mmol/mol, 95% CI −16.7, −6.4) and the non-metformin users (−0.81%, 95% CI −1.37, −0.25; −8.9 mmol/mol, 95% CI −15.0, −2.7). Compared with Control, in the Combined group there was a significant reduction in fasting glucose in the metformin users (−1.47 mmol/l, 95% CI −2.54, −0.39) but not in the nonmetformin users (−0.52 mmol/l, 95% CI −1.89, 0.86). There were no significant differences in the changes in HbA 1c or fasting glucose between metformin users and non-users in any of the exercise groups compared with control (p>0.32 for all metformin by group by time interactions [ Fig. 1]) .
Increases in V ⋅ O 2peak (expressed in ml kg −1 min −1 or l/min) were about twice as large in non-metformin users compared with metformin users following aerobic or combined training (Table 2) . However, the metformin by group by time interactions were not significant.
Conclusions
Contrary to our hypothesis, use of metformin was not associated with smaller improvements in glycaemic control following exercise training. This finding is important because it is contrary to recent studies suggesting that the addition of exercise to metformin treatment increased postprandial glucose [1] , increased hepatic glucose output [2] and had no additional effect on insulin sensitivity [2, 3] compared with metformin treatment alone. The DARE trial represents the largest supervised exercise study examining this issue and is the only study that includes a group dedicated to performing resistance training alone.
There are differences between the present study and previous ones [1] [2] [3] that may help explain the disparate results. The most important differences may relate to the timing and type of measures of glycaemic control or insulin sensitivity. In previous studies [1] [2] [3] meal tolerance tests or hyperinsulinaemiceuglycaemic clamps were performed within 28 h of an exercise session. In contrast, HbA 1c reflects average blood glucose concentration over the previous 2-3 months and fasting glucose measurements in DARE had been taken at least 2 days after the last exercise session.
Alternatively, it could be speculated that differences were due to the fact that previous studies were performed in metformin-naive participants [1] [2] [3] whereas participants in the DARE trial had been taking metformin for a longer time before starting exercise. The previous studies involved randomly assigned participants with better glycaemic control (i.e. insulin resistant without diabetes [2] , impaired glucose tolerance [3] and diabetes with mean HbA 1c of 6.5% (48 mmol/mol) [1] ). Baseline characteristics between metformin users and non-users were compared with χ 2 statistics for categorical variables and Student's t tests for continuous variables. There were no significant differences between groups (i.e. Control, Aerobic, Resistance and Combined). There were no metformin by group interactions 
It is possible that not all individuals are affected similarly by interactions between metformin and exercise. Changes in indicators of fitness were not significantly affected by metformin. However, the difference between metformin users and non-users was in the same direction as in previous studies, suggesting that metformin reduces improvements in aerobic fitness [3, 4] .
The primary limitation of the present analyses was the absence of randomisation to metformin or placebo. The impact of confounders was minimised through the inclusion of a control group and by adjusting for differences such as age, sex and BMI. Baseline HbA 1c level is known to be directly related to the magnitude of the improvements in HbA 1c levels following exercise [8] . Baseline HbA 1c was higher and there were greater proportions of men in the subgroup of metformin users. This may in part explain why the patients treated with metformin tended to respond more favourably following aerobic training. The relatively good glycaemic control at baseline in the DARE trial may have also constrained the magnitude of the intervention effects [8] .
Other glucose-lowering medications were used by participants in the DARE trial [6] and metformin users were often also treated with them. It would have been interesting to examine the effects of other medications. However, metformin was chosen since it was the most commonly used medication in DARE participants and the study was underpowered to examine interactions among several medications.
In summary, metformin did not significantly affect improvements in HbA 1c and fasting glucose, fitness and anthropometrics resulting from 6 months of aerobic, resistance or combined aerobic and resistance training.
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